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Description 

Process for Producing Solid Polymer Electrolyte 

[Field of the Invention] 

This invention relates to a process for producing 
solid polymer electrolytes and more particularly those 
which are suitably used in electrochromic devices, 
secondary batteries, capacitors, and the like and 
enhanced in ion conductivity. 
[Background of the Invention] 

In recent years, organic solid polymer 
electrolytes have been extensively developed, which 
electrolytes have properties such as formability, a 
capability of being easily formed into a large area film, 
flexibility, and excellent adhesivity to electrodes, 
comparing with inorganic solid electrolytes. 

Some polymers have been proposed in the form of 
organic solid polymer electrolytes. However, since 
for example, such polymers have been produced by 
electrolytic polymerization or a process requiring a 
long reaction time as disclosed in Japanese Patent 
Laid-Open Publication Nos . 4-17 1603 and 60-31555 , the 
processes disclosed therein had a problem in 
productivity. The process disclosed in Japanese 
Patent Laid-Open Publication No. 2-298504 involves 
copolymer izat ion of a precursor monomer and thus may 
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encounter the shrinkage of the product caused by the 
polymerization, leading to a problem that it is 
difficult to produce such polymers easily from the 
industrial point of view. 
[Disclosure of the Invention] 

The present invention solves the above problems 
by providing a process for producing solid polymer 
electrolytes with high ion conductivity. 

That is, the present invention relates to a 
process for producing a solid polymer electrolyte 
wherein at least the following components (a) and (b) 
are reacted: 

(a) an acrylic copolymer comprising repeating units 
represented by formula (I) below (hereinafter referred 
to as Structural Unit I) and repeating units 
represented by formula (II) below (hereinafter referred 
to as Structural Unit II) in a molar ratio of from 1/5 
to 1 , 000/1 and having a number average molecular weight 
of from 1,000 to 1,000,000 
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wherein R 1 is hydrogen or an alkyl group having 1 to 
5 carbon atoms, R 2 is an alkyl group having 1 to 5 carbon 
atoms, R 3 and R 4 are each independently hydrogen or an 
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alkyl group having 1 to 5 carbon atoms and may be the 
same or different from each other, and m is an integer 
of from 0 to 100, and 

R 5 

^ H2C "?^- (ID 
0=C ^ 7 

I f ^ 

(O-CH-CHtn-X 

wherein R 5 is hydrogen or an alkyl group having 1 to 
5 carbon atoms, R 6 and R 7 are each independently hydrogen 
or an alkyl group having 1 to 5 carbon atoms and may 
be the same or different from each other, n is an integer 
of from 1 to 100, and X is an isocyanate or hydroxyl 
group; and 

(b) a compound represented by formula (III) 

Y - R 8 - Y (H) 
wherein R 8 is a divalent hydrocarbon group having 1 to 
20 carbon atoms, Y is an isocyanate or hydroxyl group 
provided that when X in formula (II) is an isocyanate 
group, Y is a hydroxyl group and that when X is a hydroxyl 
group, Y is an isocyante group. 

The present invention will be described below in 
detail . 

The process for producing solid polymer 
electrolytes of the present invention comprises 
reacting at least (a) an acrylic copolymer (Component 
(a)) comprising repeating units of formula (I) 
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(Structural Unit I) and repeating units of formula (II) 
(Structural Unit II) in a molar ratio of from 1/5 to 
1,000/1 and having a number average molecular weight 
of from 1,000 to 1,000,000 and (b) a compound of formula 
(III) (Component (b)). 

First, Component (a) will be described. 

In formula (I) representing the repeating unit of 
Component (a), R 1 is hydrogen or an alkyl group having 
1 to 5, preferably 1 to 3 carbon atoms, R 2 is an alkyl 
group having 1 to 5, preferably 1 to 3 carbon atoms, 
and R 3 and R 4 are each independently hydrogen or an alkyl 
group having 1 to 5, preferably 1 to 3 carbon atoms and 
may be the same or different from each other. Examples 
of the alkyl groups for R 1 , R 2 , R 3 , and R 4 are methyl, 
ethyl, i-propyl, n-propyl, n-butyl, t-butyl, and 
n-pentyl groups which may be the same or different. 
Particularly, R 1 is preferably hydrogen or methyl and 
R 3 and R 4 are each independently preferably hydrogen. 
"m" is an integer of from 0 to 100, preferably 1 or 
greater, more preferably 2 or greater and preferably 
50 or less, more preferably 25 or less. 

In formula (II) representing the other repeating 
unit of Component (a) , R 5 is hydrogen or an alkyl group 
having 1 to 5, preferably 1 to 3 carbon atoms, and R 6 
and R 7 are each independently preferably hydrogen or 
an alkyl group having 1 to 5, preferably 1 to 3 carbon 
atoms and may be the same or different from each other. 
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Examples of the alkyl group for R 5 , R 6 , and R 7 are methyl, 
ethyl, i-propyl, n-propyl, n-butyl, t-butyl, and 
n-pentyl groups which may be the same or different from 
each other. Particularly, R 5 is preferably hydrogen 
or methyl, and R 6 and R 7 are each independently 
preferably hydrogen. "n" is an integer of from 1 to 
100, preferably 2 or greater and preferably 50 or less, 
more preferably 25 or less. 

Component (a) comprises the structural units I of 
formula (I) and the structural units II of formula (II) 
in a molar ratio thereof (Structural Unit I/Structural 
Unit II) of from 1/5 to 1,000/1, preferably 1/1 to 100/1. 
The number-average molecular weight of Component (a) 
is 1,000 or more, preferably 5,000 or more and 1,000,000 
or less and preferably 100,000 or less. The term 
"number-average molecular weight" used herein denotes 
a value in terms of polystyrene obtained by a GPC 
measurement. No particular limitation is imposed on 
the bonding mode of these structural units which may, 
therefore be random or block. 

Component (a) can be easily produced by any 
conventional method. Typically, for example, 
Component (a) may be produced by copolymer i z ing a 
compound represented by formula (IV) with a compound 
represented by formula (V) : 
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O-eCH-CH-O^-Hr R 



wherein R 1 , R 2 , R 3 , R 4 , and m are the same as those defined 
in formula (I); and 

R 5 
I 

U 2 C=(^ (V) 

° = f R 6 R 7 
(O-CH-CH-^n-X 

wherein R 5 , R 6 , R 7 , n, and X are the same as those defined 

in formula (II). 

Preferred examples of the compound of formula (IV) 
are me thy lme t hacry la t e and methoxypolyethy lene glycol 
methacrylate, ethoxypolyethylene glycol methacry late , 
methoxypolyethylene glycol acrylate, and 
ethoxypolyethylene glycol acrylate each having 1 to 100, 
preferably 2 to 50, and more preferably 2 to 25 
oxyethylene units, and mixtures thereof . Among these, 
particularly preferred are methoxypolyethylene glycol 
methacrylate and methoxypolyethylene glycol acrylate. 

Examples of the compound of formula (V) wherein 
X is an isocyante group are polyethylene glycol 
isocyante methacrylate and polyethylene glycol 
isocyante arcylate both having 1 to 100, preferably 1 
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to 50, and more preferably 2 to 25 oxyethylene units, 
and mixtures thereof. 

Examples of the compound of formula (V) wherein 
X is a hydroxyl group are hydroxypolyet hy lene glycol 
methacrylate and hydroxypolyethy lene glycol acrylate 
both having 1 to 100, preferably 1 to 50, and more 
preferably 2 to 25 oxyethylene units and mixtures 
thereof . 

Specific examples of Component (a) are copolymers 
of methylmethacrylat e and 2 -hydr oxy e t hy lme t hacr ylat e ; 
methoxyt et raet hy lene glycol acrylate and 
2-hydroxyethylmethacrylate; methoxypolyethylene 
glycol methacrylate and hydroxytet raethylene glycol 
methacrylate; met hoxynonaethy lene glycol methacrylate 
and 2-hydroxyethylmethacrylate; methoxytet raethylene 
glycol acrylate and 2-hydroxyethylmethacrylate; 
me thy Imet hacr ylat e and 

2 -isocyanatoethyl methacrylate; methoxytet raethylene 
glycol acrylate and 2-isocyanatoethylmethacrylate; 
methoxypolyethylene glycol methacrylate and 
2-isocyanatoethylacrylate; methoxynonaethylene 
glycol methacrylate and 
2-isocyanatoethylmethacrylate; and 
methoxytet raethylene glycol acrylate and 
2-isocyanatoethylmethacrylate . 

Two or more different compounds of formula (IV) 
may be copo 1 yme r i z e d with one or two or more different 
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compounds of formula (V) . Alternatively, one or two 
or more different compounds of formula (IV) may be 
copolymer i zed with two or more different compounds of 
formula ( V) . 

Copolymerization reaction may be conducted by any 
method selected from the conventional ones. Generally, 
a method may be employed in which polymerization is 
effected in the presence of a polymerization initiator 
in a solvent. In this case, the solvent may or may not 
be removed after completion of the polymerization. 
Alternatively, another operation such as refining may 
be conducted. 

Next, Component (b) will be described. 

The compounds of formula (III) wherein Y is a 
hydroxyl group, used as Component (b) of the present 
invention are generally referred to as diol compounds. 
In formula (III), R 8 is a divalent hydrocarbon group 
having 1 to 20, preferably 2 to 12 carbon atoms, such 
as alkylene, arylene, a 1 ky 1 a r y 1 ene , and arylalkylene 
groups. Typical examples of the divalent hydrocarbon 
group are methylene, ethylene, propylene, t r imethylene , 
t et ramethylene , hexamet hy 1 ene , toluylene, and 
xylylene groups. Specific examples of the diol 
compound are polyethylene glycol such as ethylene 
glycol, diethylene glycol, triethylene glycol, and 
tet raethylene glycol, polypropylene glycol such as 
propylene glycol, dipropylene glycol, and tripropylene 
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glycol, 1,4-butanediol, 1, 3-butanediol, 

l f 2-butanediol, 2 , 3-butanediol, 1,5-pentanediol, 

1.4- pentanediol, 1, 3-pentanediol, 1, 2-pentanediol, 

2. 3- pentanediol, 2, 4-pentanediol, 1, 6-hexanediol, 

1.5- hexanediol, 1, 4-hexanediol, 2, 5-hexanediol, 

2.4- hexanediol, 2, 3-hexanediol, 3 , 4-hexanediol, 

1.7- heptanediol, 1,6-heptanediol, 1,5-heptanediol, 
1,4-heptanediol, 1,3-heptanediol, 1,2-heptanediol, 

2.6- heptanediol, 2, 5-heptanediol, 2,4-heptanediol, 

2.3- heptanediol, 3, 5-heptanediol, 3,4-heptanediol, 

1.8- octanediol, 1,2-octanediol, 1,9-nonanediol, 
1,10-decanediol, 1,2-decanediol, 1,12-dodecanediol, 
1,2-dodecanediol, 2 -methyl - 1, 4-butanediol, 
2-butene-l, 4-diol, 3-butene-l, 2-diol, 

1. 2- cyclohexanediol, 1, 3-cyclohexanediol, 

1. 4- cyclohexanediol, 1, 2-cyclopentanediol, 

1. 3- cyclopentanediol, 1, 2-cyclooctanediol, 

1. 5- cyclooctanediol, 5-norbornene-2, 2 -dime thano 1 , 
and 5-norbornene-2,3-dimethanol. Two or more of these 
compounds may be mixed. 

The compounds of formula (III) wherein Y is an 
isocyanate group are generally referred to as 
diisocyanate compounds. Specific examples of the 
diisocyanate compounds are hexame t hy 1 ene diisocyanate, 

2.4- toluylene diisocyanate, 2,6-toluylene 
diisocyanate, 4 , 4 ' -methylenebis (phenylisocyanate) , 
m-xylylene diisocyanate, isophorone diisocyanate, and 
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1 , 5-naphthalene di i socyanat e . Two or more of these 
compounds may be mixed. 

The present invention is characterized in that 
Components (a) and (b) are reacted to be solidified. 
This solidification occurs as a result of the 
cross-linking reaction of Components (a) and (b). 

A catalyst may be used for the cross-linking 
reaction. Eligible catalysts are amine compounds, tin 
compounds, lead compounds, and iron compounds. 
Examples of the amine compounds are N-methyl morpholine, 
triethylamine, 

N,N,N' , N ' -tetramethyl-1, 3-butanediamine, and 
1 , 4-diazabicyclo [ 2 . 2 . 2 ] octane . Examples of the tin 
compounds are tin (II) chloride, t in ( IV ) chloride , 
tetra-n-butyltin, tetraphenyltin, tri-n-butyltin 
acetate, di-n-dibut ylt in dichloride, di-n-but ylt in 
diacetate, dibutyltin dichloride, dilauric 
acid-n-dibutyltin, di -n-but yl t indi laur y lmer capt ide , 
bis (2-ethylhexyl) tin oxide, and 2-ethylhexyl stannic 
acid. The lead compound may be lead naphthenate. The 
iron compound may be iron ( 1 1 1 ) acet ylacetat e . 

The catalyst is used in an amount of from 0 to 100 
percent by mol, preferably 0.0001 to 50 percent by mol, 
and more preferably 0.001 to 25 percent by mol of the 
total amount of a compound of formula (III). 

The cross-linking reaction may be photo or heat 
reaction whose conditions are arbitrary selected 
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depending on whether or not and what type of catalyst 
is used. For example, the heat cross-linking reaction 
is conducted at a temperature of from usually 40 to 
150 °C , preferably 60 to 100 °C for usually one minute 
or longer, preferably from 5 minutes to 24 hours. 

Another optional component other than Components 
(a) and (b) may be added in the process of the present 
invention. The optional component may be an supporting 
electrolyte (Component (c) ) . 

No particular limitation is imposed on the 
supporting electrolyte which may, therefore, be 
inorganic ion salts such as alkali metal salts and 
alkaline earth metal salts, quaternary ammonium salts, 
cyclic quaternary ammonium salts, and phosphonium 
quaternary salts. Specific examples are alkali metal 
salts of Li, Na, or K, such as LiC10 4 , LiSCN, LiBF 4 , 
LiAsF 6 , LiCF 3 S0 4 , LiPF 6 , Lil, Nal, NaC10 4 , NaBF 4 , NaAsF 6 , 
KSCN, and KC1; quaternary and cyclic quaternary 
ammonium salts such as (CH 3 ) 4 NBF 4 , (C 2 H 5 ) 4 NBF 4 , 
(n-C 4 H 9 ) 4 NBF 4 , (C 2 H 5 )4NBr, (C 2 H 5 )4NC10 4 and 
( n-C 4 Hg ) 4 NC10 4 ; phosphonium quaternary salts such as 
<CH 3 ) 4 PBF 4 , (C 2 H 5 ) 4 PBF 4 , (C 3 H 7 ) 4 PBF 4 , and ( n-C 4 H 9 ) 4 PB F 4 ; 
and mixtures thereof. The supporting electrolyte is 
used in an amount of from 0 to 10 mol/kg, preferably 
0 to 5 mol/kg, based on the whole electrolyte. 

A solvent may be used as an another optional 
component hereinafter referred to as Component (d) . No 



-11- 



particular limitation is imposed on Component (d) as 
long as it is compatible to Components (a), (b), and 
(c) . However, preferred solvents are those exhibiting 
polarity. Specific examples are methanol, ethanol, 
propylene carbonate, ethylene carbonate, 
dime t hy 1 sulfoxide, dimethoxyethane, acetonitrile, 
y-butyrolactone, sulforan, 1,3-dioxane, 
N , N ' - dimethyl f or ma mi de , 1,2-dimethoxyethane, and 
t et r ahydrof uran . These may be used alone or in 
combination. No particular limitation is imposed on 
the amount of the electrolyte as long as it is such a 
sufficient amount that Components (a) and (b) are 
dissolved and the curing of the whole electrolyte is 
not hindered. 

The solid polymer electrolyte produced by the 
process of the present invention can be used in 
elect rochromic devices such as electrochromic mirrors, 
smart windows, and displaying devices, secondary 
batteries, and capacitors. 

As an example, the use of the electrolyte in an 
electrochromic device is described. 

In the case of using the solid polymer electrolyte 
produced by the process of the present invention in an 
electrochromic device, it is a general procedure that 
an electrochromic compound is added in the solid 
polymer electrolyte or alternatively a layer of the 
solid polymer electrolyte is brought into contact with 
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a layer of an elect rochromic compound. The term 
"elect rochromic compound" used herein denotes a 
compound exhibiting a reversible redox reaction upon 
application of an electric voltage and repeating 
coloration and decoloration by the redox reaction. In 
this case, any e 1 e c t r o ch r omi c compounds may be used 
such as anodic elect rochromic compounds, cathodic 
elect rochromic compounds, and compounds having both 
anodic e 1 e c t r o ch r omi c and cathodic elect rochromic 
structures . 

Examples of the anodic elect rochromic compound 
are pyra zol ine -ba sed compound derivatives, 
metallocene compound derivatives, pheny lenediamine 
compound derivatives, benzidine compound derivatives, 
phenazine compound derivatives, phenoxadine compound 
derivatives, phenothia zine compound derivatives, and 
tetrathiafulvalene derivatives. 

Examples of the cathodic elect rochromic compound 
are styryl compound derivatives, viologen compound 
derivatives, and anthraquinone-based compound 
der i va t i ves . 

Examples of the anodic elect rochromic structure 
are pyrazoline-based compound derivative structures, 
metallocene compound derivative structures, 
pheny lenediamine compound derivative structures, 
benzidine compound derivative structures, phenazine 
compound derivative structures, phenoxadine compound 
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derivative structures, phenothiazine compound 
derivative structures, or tet rathiaf ulvalene 
derivative structures. Examples of the cathodic 
electrochromic structure are styryl compound 
derivative structures, viologen compound derivative 
structures and anthraquinone-based compound 
derivative structures. 

No particular limitation is imposed on the amount 
of the electrochromic compound. In the case of using 
a solvent the use of which is though optional, the 
compound may be added in such an amount that it is solved 
in the solvent. However, the electrochromic compound 
is added in an amount of generally from 0 to 1 mol/L, 
preferably 0.001 to 0.5 mol/L, and more preferably 
0.005 to 0.2 mol/L. Needless to mention, the solvent 
may not be used. 

An electrochromic device using the solid polymer 
electrolyte produced by the present invention will be 
described below. 

Two electrically conductive substrates are used 
in an electrochromic device. The term "electrically 
conductive substrate" refers to a substrate 
functioning as an electrode. Therefore, the 
electrically conductive substrates used herein 
encompass those made from electrically conductive 
materials and those obtained by laminating an 
electrically conductive layer over one or both surfaces 
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of a non-electr ically conductive substrate. 
Regardless of whether the substrate is electrically 
conductive or not, it has preferably a smooth surface 
at normal temperatures. The surface, however, may be 
flat or curved and deformable under stress as well. 

At least one of the two electrically conductive 
substrates is transparent and the other may be 
transparent or opaque or may be a reflective 
electrically conductive substrate which is capable of 
reflecting light. 

Generally, a device having electrically 
conductive substrates both of which are transparent is 
suitable for displays and smart windows, while a device 
having an electrically conductive transparent 
substrate and an opaque one is suitable for displays. 
A device having a transparent electrically conductive 
substrate and a reflective one is suitable for 
electrochromic mirrors. 

The transparent electrically conductive 
substrate may be produced by laminating a transparent 
electrode layer over a transparent substrate. The term 
"transparent" used herein denotes an optical 
transmission of visible light ranging from 10 to 100 
percent . 

No particular limitation is imposed on the 
material of the transparent substrate, which, 
therefore, may be color or colorless glasses, tempered 
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glasses or color or colorless transparent resins. 
Specific examples of such resins are polyethylene 
terephtalate, polyethylene naphthalate, polyamide, 
polysulfone, polyether sulfone, polyether etherketone, 
polyphenylene sulfide, polycarbonate, polyimide, 
polymethyl met hacrylat e , and polystyrene. 

The transparent electrode layer may be made of a 
metal thin film of gold, silver, chrome, copper, and 
tungsten or an electrically conductive thin film of 
metal oxides. Specific examples of the metal oxides 
are ITO ( In 2 0 3 -Sn0 2 ) , tin oxide, silver oxide, zinc 
oxide, and vanadium oxide. The film thickness is 
usually within the range of 10 to 500 nm and preferably 
50 to 300 nm. The surface resistance of the film is 
within the range of usually 0.5 to 500 Q/sq. and 
preferably 1 to 50Q/sq. Any suitable method of forming 
a transparent electrode layer may be employed depending 
on the type of metals and/or metal oxides forming the 
electrode. The transparent electrode layer may be 
formed by vacuum evaporation, ion-plating, sputtering, 
and sol-gel methods. 

For the purpose of imparting oxidation-reduction 
capability and electric double layer capacitance and 
improving electric conductivity, an opaque electrode 
activator may be partially applied to the surface of 
the transparent electrode layer. The electrode 
activator may be a metal such as copper, silver, gold, 
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platinum, iron, tungsten, titanium and lithium, an 
organic material having oxidation-reduction 
capability, such as polyaniline, poly thiophen , 
polypyrrole, and phthalocyanine , a carbon material 
such as active carbon and graphite, a metal oxide such 
as V 2 0 5 , Mn0 2 , NiO, and lr 2 0 3 , and a mixture thereof. 

Upon the formation of the electrode activator over 
a transparent electrode layer, it is necessary not to 
harm the transparency thereof excessively. Therefore, 
the opaque electrode activator may be applied onto an 
electrode by forming thin stripes or dots of a 
composition comprising an active carbon fiber, 
graphite, and an acrylic resin over a transparent ITO 
layer or forming mesh of a composition comprising V 2 0 5 , 
acetylene black, and butyl rubber over a gold thin film. 

The opaque electrically conductive substrate may 
be produced by substituting the transparent substrate 
of the above-described transparent electrically 
conductive substrate with an opaque substrate such as 
various plastics, glasses, woods, and stones if the 
substrate need not be transparent. 

Eligible reflective electrically conductive 
substrates for the present invention are (1) laminates 
obtained by laminating a reflective electrode layer 
over a non-electr ically conductive transparent or 
opaque substrate, (2) laminates obtained by laminating 
a transparent electrode layer over one surface of a 
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non-elect rical ly conductive transparent substrate and 
a reflective layer over the other surface thereof, (3) 
laminates obtained by laminating a reflective layer 
over a non-electrically conductive transparent 
substrate and a transparent electrode layer over the 
reflective layer, (4) laminates obtained by laminating 
a transparent electrode layer over a reflective plate 
used as a substrate, and (5) plate-like substrates 
which themselves have functions as a photo-reflective 
layer and an electrode layer. 

The term "reflective electrode layer" denotes a 
thin film which has a mirror surface and is 
elect rochemically stable in performance as an 
electrode. Specific examples of such a thin film are 
a metal film of gold, platinum, tungsten, tantalum, 
rhenium, osmium, iridium, silver, nickel or palladium 
and an alloy film of platinum-palladium, 
platinum-rhodium or stainless. Any suitable method of 
forming such a thin film may be employed such as vacuum 
evaporation, ion-plating, and sputtering methods. 

The substrate to be provided with a reflective 
electrode layer may be transparent or opaque. 
Therefore, the substrate may be the above-described 
transparent substrate and various plastics, glasses, 
woods and stones which may not be transparent. 

The term "reflective plate" or "reflective layer" 
denotes a substrate having a mirror surface or a thin 
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film which may be a plate of silver, chrome, aluminum, 
stainless, nickel-chrome or a thin film thereof. 

If the above described reflective electrode layer 
per se is rigid, a substrate may not be needed. 

Although no particular limitation is imposed on 
the thickness of the solid polymer electrolyte, it is 
usually from 1 pm to 3 mm, preferably 10 \im to 1 mm. 
No particular limitation is imposed on the method of 
forming the solid electrolyte to be used for an 
elect rochromic device. The above-described solid 
polymer electrolyte may be formed by injecting a 
precursor solution thereof into a space between a pair 
of electrically conductive substrates disposed so as 
to oppose to each other and having sealed peripheral 
edges, by vacuum injection or atmospheric injection or 
a meniscus method and then curing the solution. 
Alternatively, the solid electrolyte may be produced 
by forming the solid electrolyte layer over one of the 
two electrically conductive substrates and then 
superimposing the other substrate thereover. 
[Applicability to the Industry] 

The process of the present invention enables the 
production of a solid polymer electrolyte with high ion 
conductivity at ease. The resulting solid polymer 
electrolyte has moderate flexibility and excellent 
plasticity. Therefore, when the solid polymer 
electrolyte produced by the process of the present 
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invention is used for producing various devices, they 
are easily produced and will have various advantages 
such as durability and resistance to temperature 
changes and impact. 
[ Examples ] 

The present invention will be described in detail 
with reference to the following examples but are not 
limited thereto. 
Example 1 

To 400 g of dime t hoxye thane held at a temperature 
of 70 °C was added dropwise a mixed solution of 248 g 
(0.5 mol) of methoxypolyethylene glycol methacrylate 
(the number of oxyethylene unit : 9) manufactured by 
SHIN NAKAMURA CHEMICAL CO. LTD. under the trade name 
of M90G, 3.88 g (0.025 mol) of 2 -methacr yloxyethyl 
isocianate manufactured by SHOWA DENKO K.K. under the 
trade name of Karenz MOI, 5 g of azobisisobutylonitrile, 
and 50 g of dimethoxye thane over a period of one hour. 
Thereafter, the mixture was stirred at the same 
temperature for another one hour and then heated to 80 °C 
and stirred for one hour thereby obtaining a solution 
of a polymer whose concentration was 36 mass%, 
represented by formula (VI) below. The number average 
molecular weight and m/n of this polymer were 30,000 
and 20/1, respectively. 

To 50 g of this polymer solution were added 1.0 
g of triethylene glycol, 4 g of lithium perchlorate, 
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and 0.2 g of dibutyltin dichloride, followed by 
stirring under an atmosphere of nitrogen to make the 
mixture homogeneous . 

The solution was then cast over a glass and heated 
at a temperature of 80 °C for one hour thereby obtaining 
a transparent solid polymer electrolyte film with a 
thickness of 80 pm. A complex impedance method was 
conducted and revealed that the ion conductivity of the 
film was 1.2 x 10" 4 S/cm at 25 °C . 



CH 3 CH 3 

-^ C ^c^ ecH 2 -cv- (VI) 

oc o=c 

I I 

O -f CH2-CH2-0^r- CH 3 O— CH 2 -CH 2 -NCO 



Example 2 

To 400 g of propylene carbonate held at a 
temperature of 70 °C was added dropwise a mixed solution 
of 138 g (0.5 mol) of met hoxypol ye t hy 1 ene glycol 
methacrylate (the number of oxyethylene unit : 4) 
manufactured by SHIN NAKAMURA CHEMICAL CO. LTD. under 
the trade name of M40GN, 7.75 g (0.05 mol) of 
2 -met hacr y loxyethy 1 isocianate manufactured by SHOWA 
DENKO K.K. under the trade name of Karenz MOI, 5 g of 
azobisisobutylonitrile, and 50 g of propylene 
carbonate over a period of one hour. Thereafter, the 
mixture was stirred at the same temperature for another 
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one hour and then heated to 80 °C and stirred for one 
hour thereby obtaining a solution of a polymer whose 
concentration was 24 mass!, represented by formula 
(VII) below. The number average molecular weight and 
m/n of this polymer were 25, 000 and 10/1, respectively. 



To 50 g of this polymer solution were added 0.7 
g of t et raethy lene glycol, 5 g of 
tet r abut ylammoniumt et raf luoro borate, 4 g of 
N,N' -diheptylviologendiperchlorate, 2 g of ferrocene, 
and 0.2 g of dilauric acid-n-dibut y 1 t in thereby 
preparing a precursor solution of a solid polymer 
electrolyte . 
Example 3 

To 400 g of dimethoxyethane held at a temperature 

of 70 °C was added dropwise a mixed solution of 248 g 
(0.5 mol) of methoxypolyethylene glycol methacrylate 
(the number of oxyethylene unit : 9) manufactured by 

SHIN NAKAMURA CHEMICAL CO. LTD. under the trade name 

of M90G, 3.25 g (0.025 mol) of 

2-hydroxyethylmethacrylate, 5 g of 

azobisisobutylonitrile, and 50 g of dimethoxyethane 



CH 3 



CH 3 




(VII) 
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over a period of one hour. Thereafter, the mixture was 
stirred at the same temperature for another one hour 
and then heated to 80 °C and stirred for one hour thereby 
obtaining a solution of a polymer whose concentration 
was36mass%, represented by formula (VIII) below. The 
number average molecular weight and m/n of this polymer 
were 30,000 and 20/1, respectively. 



CH 3 CH 3 
-tCHar^ eCH 2 -C^ (ym) 

oc o=c 

I I 

O -f CH 2 -CH 2 -0^- CH 3 O— CH2-CH2-OH 



To 50 g of this polymer solution were added 0.7 
g of hexamethy lene diisocyanate , 4 g of lithium 
perchlorate, and 0.2 g of dibutyltin dichloride, 
followed by stirring under an atmosphere of nitrogen 
to make the mixture homogeneous. 

The solution was then cast over a glass and heated 
at a temperature of 80 °C for one hour thereby obtaining 
a transparent solid polymer electrolyte film with a 
thickness of 80 jam. A complex impedance method was 
conducted and revealed that the ion conductivity of the 
film was 6.2 x 10' 4 S/cm at 25 °C . 
Example 4 

To 400 g of propylene carbonate held at a 
temperature of 70 °C was added dropwise a mixed solution 
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of 138 g (0.5 mol) of methoxypolyethylene glycol 
methacrylate (the number of oxyethylene unit : 4) 
manufactured by SHIN NAKAMURA CHEMICAL CO. LTD. under 
the trade name of M40GN, 6.5 g (0.05 mol) of 
2-hydroxyethylmethacrylate, 5 g of 
a zobi s i s obu t y 1 on i t r i le , and 50 g of propylene 
carbonate over a period of one hour. Thereafter, the 
mixture was stirred at the same temperature for another 
one hour and then heated to 80 °C and stirred for one 
hour thereby obtaining a solution of a polymer whose 
concentration was 24 massl, represented by formula (IX) 
below. The number average molecular weight and m/n of 
this polymer were 25,000 and 10/1, respectively. 



CH 3 CH 3 
-t CH ^C^ ^HrCV (IX) 

o=c o=c 



O -f CH 2 -CH 2 -0^- CH 3 O— CH2-CH2-OH 



To 50 g of this polymer solution were added 0.7 
g of 2 , 4 - toluy lene di i socyanat e , 5 g of 
tet rabut ylammoniumt et raf luoro borate, 4 g of 
N, N' -dihept y 1 viologendiperchlorat e , 2 g of ferrocene, 
and 0.2 g of dilauric acid-n-dibut yl t in thereby 
preparing a precursor solution of a solid polymer 
electrolyte . 

Preparation of Elect rochromic Mirror 
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A n epoxy sealant was applied in the form of lines 
along th. peripheral edges except a portion to he used 
as an inlet of solution, of an ITO-coated transparent 
gla ss substrate with a size of 230 mm x 60 mm. Over 
this class suhstrate was superposed a refleotive glass 
substrate one of which surface was coated with silver 
(mirr or, and the other of which was coated with ITO such 
that the ITO surfaces face each other. The sealant was 
then cured thereby obtaining an empty cell with an inlet 

and a cell gap of 70 um. 

The above precursor solution was injected into the 

cell . 

R£ ter sealing the inlet with an epoxy resin, the 
C ell was heated at a temperature of 85 * for one hour. 
Th e cell when assembled was not colored and had a 
teflectance of about 80 % but was immediately colored 

-I*. rsf 1 OV The reflectance 
upon application of a voltage of 1.0 V. 

when the C ell was broken, the electrolyte therein 
was solid and thus any liquid did not scattered. 
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